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The masses of the recently reported by LHCb two pentaquark charmonium states P*(4380) 
and P*(4450) which are supposed to have the configuration (uudcc) have been estimated in the 
framework of the quasiparticle model of diquarks considering [ud][uc]c configuration. The masses 
are reproduced very well which indicates that the description of diquark as quasiparticle is very 
useful for describing multiquark state and to understand the dynamics of it. 
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Recently LHGb[l] has reported the existence of pentaquark charmonium states with the 
decay of A° (A° —)■ JxljK~p). The intermediate states have been identihed as P^*(4380) 
and P^*(4450). The states are identihed as sum of two up quarks, one down quark, one 
charm quark and one anti-charm quark with spin | and | respectively. The identihcation of 
these pentaquark states is exciting and will give new impetus to the study of the properties 
and dynamics of multiquark states [2]. The pentaquarks are usually described as diquark- 
diquark-antiquark conhguration [3,4]. The diquarks which are supposed to be highly co¬ 
related antisymmetric coloured object are one of the important candidate for study of the 
exotic particles as well as usual baryons. A number of models have been suggested for 
diquark [3-10]. In the present work we have studied the recently identihed P* states in 
diquark-diquark-antiquark conhguration in the framework of quasiparticle model of diquark 
suggested by us [10-12]. 

Recently we have suggested a model for diquark in which two quarks are assumed to be 
correlated to form a low energy conhguration [10-12]. Diquarks are supposed to behave like 


a quasi particle in an analogy with an electron in the crystal lattice which behaves as a quasi 
particle [13]. It is well known that a quasi particle is a low-lying excited state whose motion 
is modihed by the interactions within the system. An electron in a crystal is subjected to 
two types of forces one is the effect of the crystal held (-VI^) and the other is external force 
(F) which accelerates the electron [14]. Under the inhuence of these two forces, it behaves 
like a quasi particle having velocity v whose effective mass m* rehects the inertia of electrons 
in a crystal held and can be represented as [13]: 
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( 1 ) 


The bare electrons (with normal mass m) are ahected by the lattice force -VU and the 
external force F so that: 


dv 

m— = F 
dt 


dx 


( 2 ) 


From (1) and (2) the ratio of the normal mass (m) to the ehective mass {m*) can be 
represented as: 


m/m* = (3) 

The diherence between the ehective and normal mass is attributed to the lattice force. 
The sign of its average m* can be less or greater than’m’ or even negative according to the 
sign of the potential. An elementary particle in vacuum may be suggested to be in a situation 
exactly resembling that of an electron in a crystal [14]. We have proposed a similar type of 
picture for the diquark as a quasi particle inside a hadron. We have assumed that under the 
combined force of conhnement and asymptotic freedom a diquark in hadron behaves like a 
quasi particle and its mass gets modihed simulating the many body interaction in a hadron. 
The potential V =|^ (where is the strong coupling constant) is assumed to resemble the 
crystal held on a crystal electron and is positive for resonance state [13]. On the other hand 
an average force F = -ar resembles the external force where ’a’ is a suitable constant. The 
potential can be represented as: 


U = - + 


(4) 


Where the coupling constant a={2/3)as,Fi.Fj=-(2/3), K is the strength parameter. 
Hence Vij may be represented as: 




(2/3)a, 


+ ar 


( 5 ) 


Where a=K/3. 

The ratio of the constituent mass and the effective mass of the diquark (m^) has been 
obtained following equation (3) as, 


Tflq T Tflq/ CXg , , 

here niq + niq, represents the normal constituent mass of the diquark, is the effective 
mass of the diquark and ’r’ is radius parameter of diquark. With 0 ;^= 0.2 [15], a = 0.02 
GeH^[14], r„rf(scalar)= 0.98fm [5], r^d (vector)= 0.8fm[16], r„c(scalar)= l.lfm[17],r„c(vector) 
= 0.861fm [5], mu=md= 0.360 GeV [4] and mc= 1.55 GeV [18] we have estimated the masses 
of the diquarks in the framework of the quasi particle model [14]. We have obtained the 
diquark mass values as niud = 0.763 GeV, niuc = 1-989 GeV for scalar diquarks and mud= 
0.803 GeV, m„c = 2.084 GeV for vector diquark. It is interesting to observe here that 
simulating the many body interaction the effective mass of the diquark becomes greater 
than the constituents. 

The mass formula of the pentaquark state can be expressed with relevant diquark- 
diquark-antiquark conhguration as, 

M = moi + mD2 +mq + Es (7) 

where 171^2 are diquark masses, m-q is the antiquark mass and Es is spin term and 
expressed as [19,20]: 

Es = l-^Si-S2\iiO)\^- ( 8 ) 

9 mim2 

where the strong interaction constant 0:5 = 0.2 [15] and Si ■ S 2 is the spin interaction of 
corresponding states. The masses have been estimated using the relation (7) and displayed 
in Table I. 



Table I; Mass of pentaquark charmonium states: 


Pentaquark 

charmonium 

state 

Quark 

Content 

Experimental 

Mass^^^ 

{MeV) 

Our 

Work 

{MeV) 

P;(4380) 

[ud]Q[uc\ic 

4380 ± 8 

4400 

(spm|) 

[ud]i[uc\oc 

±29 

4345 

P;(4450) 

(spm|) 

[ud] 1 [uc\ 1 c 

4449.8 ± 1.7 

±2.5 

4443 


In the present work we have estimated masses of the particles P^*(4380)of spin | in 
both [ud]o[uc\ic and [ud\i[uc\oC conhgurations and have obtained the masses as 4403 MeV 
and 4345 MeV respectively. The P*(4450) of spin | has been estimated in the pentaqnark 
conhguration of [ud]i[uc\ic and obtained the mass as 4443 MeV. The results are found 
to be in very good agreement with experiment. In the current work it is observed that 
the description of pentaquark as diquark-diquark-antiquark picture with diquark as quasi 
particle reproduces the observed mass of intermediate state very well. It is interesting to 
observe that the contribution from vacuum can be simulated as effective mass approximation 
for diquark whose effective mass is more than the constituents and in excited state. The 
experimental identihcation of pentaquark is long awaited. In our present investigation the 
mass of P^*(4380) and P^*(4450) have been described in quasiparticle picture of ’diquark’. We 
will also study the particles as baryon-meson system and also in composite fermion model 
of diquark in our future work. The current investigation has immense importance in the 
understanding of quark dynamics in multiquark system and found to be very useful and 
prospective. 
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